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Goals And Objectives ﬂﬁ
National Level Y »

The overarching goal of the NSWP isto achieve an active, synergistic, interagency
system to provide timely, accurate, and reliable space environment observations,
specifications, and forecasts. Further goalsinclude:

» Advancing observing capabilities and fundamental understanding of processes
 Improving numerical modeling, data processing, and analysis

 Providing atransition of research into operational technigques and algorithms

* Improving forecasting accuracy and reliability as well as space weather products and
services, including education and outreach

» Avoiding under- or over-design of technical systems
 Preventing regional blackouts of power utilities
« Mitigating the early demise of multi-million dollar satellites

 Preventing the disruption of communications via satellite, high frequency (HF), and
very high frequency (VHF) radio as well as long-line telecommunications

« Avoiding errors in navigation systems
 Preventing excessive radiation doses dangerous to human health
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Goals and Objectives @?

Agency Level

The LWS program is a cross-cutting initiative whose goals and objectives have
the following links to each of the four NASA Strategic Enterprises.

» Space Science: LWS quantifies the physics, dynamics, and
behavior of the Sun-Earth system over the 11-year solar cycle.

 Earth Science: LWS improves understanding of the effects of
solar variability and disturbances on terrestrial climate
change.

* Human Exploration and Development: LWS provides
advanced warning of energetic particle events that affect the
safety of humans.

» Aeronautics and Space Transportation: LWS provides
detailed characterization of radiation environments useful in
the design of more reliable electronic components for air and
Space transportation systems.
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£
Space Weather Systems Issues VJD

The user community has identified the following areas of concern associated
with space weather effects and their impact on aerospace and ground-based

systems:
» Spacecraft reliability

« Safety of spacecraft operations

 Sensor noise and anomalies (science instruments, navigation, etc.)

« Safety of human flight

 Reliability of biological systems (space habitat, bio-electronics, etc.)
 Disruption of navigation systems

* Disruption of communications systems

» Resolution of spacecraft anomalies

« Effectson terrestrial climate and weather

« Effects due to induced currents on ground-based (terrestrial) systems

 Effects of Galactic Cosmic Ray (GCR) induced neutrons on ground-based
microel ectronics
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LWS System Contributions £y 2

: &
LWS systems will address the £ I o
. . Q <L
national agency and commercial user P @@@ @j@@‘ S
. . . . \gl N
concerns listed in this matrix. o &5 S & ST s
\Q A

NASA ENTERPRISES

NATIONAL SECURITY AGENCIES

AIR TRANSPORT INDUSTRY

COMMUNICATIONS INDUSTRY

ENERGY INDUSTRIAL SECTOR

MICROELECTRONIC INDUSTRIAL SECTOR

Detailed flow-down charts of the intended LWS system contributions are provided in the pages that follow.
Note that where an arrow ends at the space weather capability column, LWS will not address this issue.
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NATIONAL CONCERNS:

Spacecraft Reliability

HEEDED SPACE
WEATHER CAPAEBILITY:

SAC CHARGING

- SURFACE CHARGING

- ODEEF DIELECTRIC
CHARGING
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FERFORMANCE &
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SFECIFICATIONS BEASED

OREBITS WWwITH ENERGY
& TIME
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IM OREITES WWITH EMERGY

& TIME
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DOESERE IOMH FL UX
SIFMMULT ANEOQLSLY
INM OREITS WITH EMER GY

OMWYWORST FROEBAELE
EXFOSURE FROM
COMDITIOMAL
CLIPMATOLOGY OF
SFPACE WEATHER

ELECTROHMICS
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ODOsE
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EFFECTE
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- EMHARNCED LOW-DOSE
RATE EFFECTES
SCREENHING
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COMFOMENT S
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OEVICES
- QUARNTUR
ELECTROMNICES

UMDERSTAMDIMNG
RADIATION EFFECT =

RISH MITIGATION OF
RADIATION EFFECT S

COMFPFOMNERNT DESIGH,
SCREENING & TEST
METHODS & TOOLS FOR
THE SFPACE ENYIRONMENT

T 1IN L TA]
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4 TIME

RESOLUTION

AN/

S/C TESTEBEDS WwWHERE
TEST ITEMS A HD
INST RUMEMTAT ION ARE
EXFPOSED TO SPACE
WwEATHER OF INTEREST

RESEARCH APPROACH:

CHARACTERIZE AMD
MODEL EFFECT S BASED
UFOM S/C OB SERYATIOMS.
WwallDAaTE THEMODELS
BEASED UFOMN
OEBESERATION. ESTAELISH
HOwWw ROEBEUEST THE MODEL
IS TONIOLATION OF
ASSURMPTIONS FROR SrC
OBSERYATIOMS FROR &
WARIETY OF OREITS

CHARACTERIZE TIRME ARMD
SFPAT AL WARIATION IM THE
HEAR EARTH ARND INTER-
FLAMETARY SFACE
EMER GETIC FARTICLE
ENYIRONFENT , DE~ELOF
MODELS A MND waALIDATE
THE RODELS USIMG
OBSERED DATA AMD
SFPFACE WEATHER
CLIPMATOLOGY

CHAaRACTERIZE AMD
MODEL EFFECT S5 BASED
UFOHN S/C OB SERYATIONE.
“AaLIDATE THERMODELS
EBEASED UFOMN
OBSERYATION. ESTAELISH
HOwW ROEBUST THE MODEL
IS TO IOLATION OF
ASSUMMPTIONS FROM S5C
DOESZERYATIOMS FROM
AWwARIETY OF ORBITS.
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Safety of Spacecraft Operations

HATIONAL CONCERHNS:

ELECTROMICS AND
SOLAR CELLS

- DISPLACEMENT DARAGE

- IOMNIZAT ION DAMAGE

- SURFACE OAMAGE

- POWERINIG DOV
SYSTEMS TO PREVWEMNT
DARMAGE DUETO URFSET
[SEEU, SEL)

- DAMAGE DUE TO
CHARGING

OREITAL DY MAMICS
- ATMOSFHERIC
DRAGOREIT ALTITUDE
- S/ RE-ENTRY DY HMHARMICS
- SAC COLLISION WITH
DEE RIS
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HEEDED SPACE
WEATHER CAPABILITY:

MOW T AST A MND

FREDICTIOM OF

ELECTRORMN FLLU X
FOR =JC

MW CAST A RD

FREDICTION OF

FROTON FLUX
FOR SJ/C

MHOW S AST ARD
FREDICTION OF
I1OM FLUX
FOR S/C

HOW S AST ARD
FORECAST OF
SIGHIFICANT
SEOMAGHETIC
ACTIWITY

ATMOSFHERIC DRAG
FREDICTIOMS
ACCURATE TO

W IT HIN S

RESEARCH
OBSERVATIONS:

RESEARCH APPROACH:

DEZERYE ELECTROM
FLUX
SIMULTAMNEOUSLY IN
DOREITS WITH
EHERGY AND TIME
RESOLUTION

M1 1]

OBSERYE PROT OR
FLUX
SIFMULTAMEOUSLY IM
OREITS WITH
EMER GY AMD
TIFME RESOLUTION

CHARACTERIZE ARND
MODEL THE EARTH'S
MASHET OSFHERE AMD
RADlATION BEELTES

SUFFICIENTLY WELL TO
FREDOICT FOTEMTIALLY

OBSERYE IOH FLUX
SIbULTANEOUSLY
IMN OREBITS wWITH
EHERGY & TIME
RESOLUTIOM

HARMFUL FARTICLE
FLUXES AT THE S/C.
wallDATE THE RMODEL &
ACSAINST OEBESERWED DATA
AHD CLIMATOL OGY.

wWERIFY ROBUSTHESS

OBESERYWE STATE OF
THE MASGHETOSFHERE

UMDOER ANIOLATION OF
FMODEL ASSUMPTIONS

OBSERYE THE SUH
ITEELF: SOLAR
ACTINITY, ELECTRORM
TEMFERATURE,
DEMSITIES, MAGHET IC
FIELD, AMND
WBRATION MODES

N2

OBSERWE THE SOLAR
CORONA AND SOLAR
wi'lMO. DETECT ChiE=,
FLARES AND ASSOCE
ATED FHERMOMERMA

CHARACTERIZE AMND
FMODEL ATMOSFHERIC
DR25 EFFECT S ON SC,
CORRELATIMG SOLAR

INDUCED DISTUREBAMCES
INTHE SOLAR WIND AND

OBSERYATIONS OF THE
MEUTRAL DEMNEITY
INMN EARTH OREIT

THE SOLAR IRRADIMHCE
WWiTHHEUTR AL DEMSITY IN
EARTH OREIT. “WALIDATE
THE MODELS BEASED ORN

OBSERYATIOM. “ERIFY

OBSERYE SOLAR
IRRADIANCE INTHE

ElLw, U, SOFT-H-RAay

ROBUSTHESES UMNDER &
WMIOLATION OF MODEL
AESUMMPTIOMNS
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Sensor Noise and Anomalies

MEEDED SPACE
WEATHER CAPABILITY:

RESEARCH

HATIONAL CONCERHNS: OBSERVATIONS:

RESEARCH APPROACH:

DETECTOR HNOISE

-BACKGROUND MOISE
DETECTOR AMOMALIES

- CHARGE TRAMSFER
ODEGRADAT IOM

- DEAD FIXELS

- FERFORMAMNCE
DEGRADATION

-HOT FIXELS/FALSE DATA

UMDERSTAND DETELC-
TOR MOISE FHYSICS

UNDOERSTAMND
DETECTOR
DEGRADATIOMN
FHY SIS

OBSERE ELECTROHM
FLUX
SIMULTANECQUSLY IM
OREITS wWITH
ENERGY & TIME
RESOLUTIOMN

HOWY CAST ARD

FREDICTIOMN OF

ELECTROM FLUX
FOR SiC

OBESERYE FPROT OM
FL X
SIFULT AMEQUSLY IN
OREITE wWITH
EMERGY & TIME
RESOLUTIOM

MHOWCAST ARND

FREDICTIOMN OF

FROTOM FLLX
FOR SfC

OBSER™E IOMN FL UX
SIMULTANEOUSLY
IN OREITS WITH
EHNERGY & TIME
RESOLUTION

CHARACTERIZE AND
FMODEL THE EARTH'S
MASGHMETOSFHERE AMD
RADIATION BEELTS
SUFFICIENTLY "WELL TO
FREDICT SIGHIFICANT
FARTICLE FLUXES AT THE
DETECTOR LOCATION
WHTHIN A FARTICULAR
TIME FERIOD. wALIDATE
THE MODELS AGAIMST
OBsER~ED DATA. “ERIFY
ROEBEUSTHESS AGAINET
WMIOLATION OF
BASIC ASSUMMPTIOMNE

HOWCAST ARND
FREDICTIOMN OF
IOM FLUH
FOR =/C

OEB=ER~E STATE OF
THE MAGHET OZFHERE

UNDERSTAND
DETECTOR
DEGRADATION PHYSIC S

DEYEL OF WwWaysysS TO
FREDOICT WHICH COROMNAL
DISTUREBAMNCES WILL
IFMFIMNGE OM THE EARTH
AMND AFFECT THE EARTH'S
FMASGHNETOSFHERE AMND
RADATION BEELTE

OFTICS

- SURFACE DEGRADATION

- TRANSMISSWITY

-"BROWHMING" OR
INCREASED SCATTERING
OF ELUE LIGHT

HNOW CAST AND
FORECAST OF
SIGHIFICANT
GEOMAGHETIC
ACTINITY

OBSERWE THE SOLAR
CORONA AND SOLAR
“wiND. DETECT CME=s,
FLARES AND ASSOC-
ATED PHEH OMEMNA

CHARACTERIZE AMD
FMODEL THE FPROPAGATION
OF CORDOMNAL
DISTUREBAMCE, HOW TO
OET ERMINE THEIR
DIRECTION, AMD HOW THEY
Wo'lLL CHAMGE A5 THEY
FROFAGATE

GobpbarRD SpaceE FLicHT CENTER

UNDERSTAMND QOFTIC
ELEMENT
DEGRADATION
PHYSIC S

OBSERWE THE SUHN
ITSELF: SOLAR
ACTWITY, ELECTRON
TEMFERATURE,
DEMZITIES, MAGHETIC
FIELD, AND
WIERATIOMN MODES

EXFLORE BASIC PHYSICAL
RELATIOMESHIFS BEETWEEHRN
THE STATE OF THE SUH
ARDOTHE TIME AMD
MAGHITUDE OF ERMER GIMG
COROMAL DISTUREBAMCES

AINNNNN
TTTNST T

=
TESTEEDS
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HATIONAL CONCERNS:

CREW RADATION
EXFOSURE

- FREFLIGHT FROJECTION
-REAL-TIME MONITORING
-ACUTE EXFOSURE

EXTRA-WEHICULAR
ACTINITY

- FLAMHMNING

- RADATION PMONHITOR MG

FMEDICAL ISSUES
-CUMULATIVE DOSE
WE.FLIGHT STATUS
OF ASTRONAUTS
- UMQUAMTIFIED
HAZARDE [E.G. HEE=S]

LEGAL
-REGULATORY
-INSURAMNCE
-BIOETHICS

GobbaAarRD SpPAcCE

AL /N A

Safety of Human Flight

HEEDED SPACE
WEATHER CAPABILITY:

Al AaRA AS LOW A5
REASOMABLY
ACHIEWAEBLE

FORECAST
OF SPE EWERMNTS THAT
THREATEN ACUTE
LEWELS OF EXFOSURE

MOWYC ST AND
FORELCAST OF
SIGHIFICANT
GEOMAGHETIC
ACTITY

24-72 HOUR "ALL
CLEAR" FORECASTS

24 AMD 42 HOUR
FORECASTS OF
ELECTR OM FL LIX
=500 KEY, FROTOR
FLUX = 10 MME~, AN DO
IO FLLU X

OSHA REGULATIONS

Foas ArMD EUROFEARN
AR CREW SAFETY
STAMDARDS

LaBOR CONTRACTS

UMDERSTAMDIMG THE
EQOUNDARIES EETWEEHR
THE INTERESTS OF
IHOIWIDU AL S, HASs,
~AMDTHE FUBLIC

AIRCREW INSURAMCE:
PO Al LAEBILITY AND COST
—

RESEARCH
OBSERVATIONS:

OB SERYE THE SLUH
ITSELF: SOLAR
ACTWITY, ELECTRON
TEMFERATURE,
DEMSITIES, MAGHETIC
FIELD, *IERATION
FMOOES ARND S0 OM

OBSERYE THE SOLAR

COROMAS AND SOLAR

W lMD. DETECT CMRME=S,
FLARES AMD
ASSOCIATED
FHEMOREHR"S

OB SERYWE STATE OF
THE MAGHET OSFHERE

OESERYE |IOM FLLUX
SIMULT ANEOQOUSLY
IM OREIT SWITH
EHERGY &MHDO

AR A

FLichnT CENTER

TIME RESOLUTION

OB SERWE PROT ON
FLUX
SIMULT AMECOUSLY IM
OREBITS wWITH
EHERGY AMND
TIME RESOL UTIOMN

OB SERYE ELECTROM
FLUX
SIMULT ANEOQUSLY IM
OREITE WITH
EMER GY AMD
TIME RESOL UTIOMN

SUFFICIENTLY TO FREDICT
HaRMFUL PARTICLE
FLUXES AT A SdC. WaAaLIDATE
EASED OH OBSERWATION.

RESEARCH APPROACH:

EXFLORE BASIC PHYSICAL
RELATIOHNSHIFS BEETWEEHR
THE STATE OF THE SUN
AHNDTHE TIME AaMD
MMAGHITUDE OF EMERGING
CORONAL DISTURBANCES

CHARACTERIZE AMD
FMODOEL THE PROPAGATION
OF COROMNAL
OISTURBAMCES, HOW T O
DETERMINE THEIR
DIRECTION, AND HOW THE™Y
CHANGE A5 THEY
FROFAGATE

DEYWELOF WvaYS TO
FPREDICT wwHICH COROMNASL
DOISTUREBAMNCES WILL
IMFIMGE ON THE EARTH
AHND AFFECT THE EARTH'S
MASMETOSFHERE AMD
RADATION EELT S

CHARACTERIZE AND
MODEL THE EARTH'S
FMASGHETOSFHERE AHD
RADIATION BELT S

wWERIFY ROBUSTHESE
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Reliability of Biological Systems

HATIONAL CONCERHNS:

SPACE HABIT AT

- EXPOSURE PROJECTIONS
- CUMULATIWE DOSE

- ACUTE EXFOSURE

- UMEMOWH S [HZE=)

EIOELECTRONICE

-TOTAL CUMULATIVE DOSE
- ACUTE DAMAGE

- FPROTECTIYE SCHEMES

MEEDED SPACE
WEATHER CAPABILITY

FORECAST
OF SPE EWENTS THAT
THREATEN ACUTE
LEYELS OF EXFOSURE

NOWCAST AMD FORE-
CAST OF SIGHIFICANT
GECRMAGHETIC
ACT VT Y

HOWCAST AaND
FREDICTION OF IOM
FLU¥ AT SrC

HOWCAST AMD

FREDICTIOM OF

FROTOM FLUX
AT S/C

HNOWCAST AHD
FPREDICTION OF
ELECTROM FLUX
AT ST

UNDERSTAMDIMIG THE
RADIATION EFFECTS
OF BIO-MACHIMES

RESEARCH
OB SERVATIONS:

OBSERWE THE SUN
ITSELF: SOLAR
ACTINITY, ELECTRON
TEMFERAT URE,
DEMEITIES, MAGHMETIC
FIELD, AND
WIBERATION MODES

RESEARCH APPROACH:

EXPLORE BEASIC PHYSICAL
RELATIONSHIPS BETWEEN
THE STATE OF THE SUHN

¥

OBSERVE THE S0OLAR
COROMA AMND SOLAR
wIMD., DETECT CME=s,
FLARES AND ASSOCI
ATED PHEHOMEM A

AMD THETIME AMD
MAGHITUDE OF EMERGIMNG
COROMNAL DISTUREANCES

CHARACTERIZE AMD
MODEL THEFROFPAGATION
OF COROMAL

¥

OBSERWE STATE OF
THE MAGHETOSFHERE

OBSERYE IOM FLUX
SIMULTANEOQUSL Y
INOREITS WITH
EMERGY & TIME
RESOLUTION

.
N\

DISTURBANCES, HOW TO
ODETERMINE THEIR
DIRECTION, AMD HOW THEY
WILL CHANGEAS THEY
FPROFPAGATE

DEYELOP WwWANS TO
FREDICT WHICH COROMAL
DISTUREBAMCES WL L
IMPINGE OM THE EARTH
AMD AFFECT THE EARTH'S
MAGHMETOSFHERE AMD
RADIATION BELTS

OBSERWE FPROTOM
FLUX
SIMUOLTAMEOUSLY IN
OREITS WITH
ENERGY & TIME
RESOLUTION

N
8

|

OBESERYE ELECTROMN
FLUX
SIMULTAMEOUSLY IM
OREITS WITH
EMERGY & TIME
RESOLUTION

CHARACTERIZE AND
MODEL THE EARTH'S
FMAGHMETOSPHERE AMD
RADIATION BELTS
SUFFICIEMTLY WELL TO
FREDICT SIGHIFICAMNT
FARTICLE FLUXES AT
AT WALIDATE BASED
OM OBSERYATIOMN.
“ERIFY ROBUSTHESS

|

S/C TESTEBEDE

—
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Disruption of Navigation Systems

NATIONAL CONCERNS:

GRS NAVIGATION
ERRORS

NEEDED SPACE
WEATHER CAPABILITY:

PREDICTIONS
OF MOST FROBAELE
AHND WORST-CASE GPS
ERRORS FOR ANY
LOCATION ON EARTH

SATELLITE RANGING
ERRORS

LORAN & OMEGA
NAVIGATION ERRORS

PREDICTIONS
OF MOST FROBAELE
AHND WORST-CASE GPS
ERRORS IN NEAR-EARTH
SPACE FOR S/C MAVIGATION

WOV CAST OF MOST
FROEAEBLE ERRORS
INDUCED IN SATELLITE
RANGING FOR S/C
NAVIGATION

HOW CAST PREDICTION
OF WLF WANE
FROFAGATION ERRORS
FOR CORRECTIOMN OF
LORAN & OMEGA SYSTEMS

RESEARCH
OBSERVATIONS:

—&

IONOSFHERIC
FLASHMA DENSITY

IOHNOSFPHERIC 1OH
DENSITY BY
CONETITUENT

IONOSFHERIC NEUTRAL
OEMSITY BY
COMSTITUENT

GRAMIT Y/PLANETARY
WANES

OBSERVE ION FLUX
ASIT AFFECTS
THE IONOSFHERE

l
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IOHOSFHERIC
ELECTRIC FIELD

VYL

Var

RESEARCH APPROACH:

—

CHARACTERIZE AND
MODEL THE EARTH'S
IONOSFHERE AND
MAGHETOSPHERES
IONDOSFHERIC
COUPLING TO PREDICT
THE STATE OF THE
IOHSFHERE
|

CHARACTERIZE AND
MODEL THE EM
FROPAGATION,; EARTH
SURFACE TO SPACE, AND
EARTH SURFACETO
EARTH SURFACE, TO
FREDICT CHANGES IM
FROFPAGATION BASED
UFOMN THE STATE OF
THE IONSFHERE
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Disruption of Communications Systems

NATIONAL CONCERNS:

NEEDED SPACE
WEATHER CAPABILITY:

HF RADIC
COMMUNICATIONS

REALLOCATION OF
RECONHAISSANCE
RESOURCES

SPACETO GROUND
COMMUNICATIONS

45 HOUR IOMOSFHERIC
SCINTILLATION
FORECAST

RESEARCH
OBSERVATIONS:

-

IOHOSFHERIC
FLASMA DENSITY

IOHOSPHERIC IOH
DEHSITY BY
COMSTITUENT

IOHOSFHERIC NEUTR AL
DENSITY BY
CONSTITUENT

IDNOSFHERIC
ELECTRIC FIELD

GRAWT YYPLANETARY
WANES

GopbbarRD SpaceE FLiecHT CENTER

OBSERYE IOMN FLUX
ASIT AFFECTS
THE IOMSFHERE

RESEARCH APPROACH:

—

CHARACTERIZE AND
MODEL THE EARTH'S
IDNOSFHERE AMD
MAGNETOSFHERES
IDHNOSFHERIC COUPLING
TO PREDICT THE STATE OF
THE IOHSFHERE. “ALIDATE
EASED UPON OBSERVATIONS.
YERIFY ROBUSTHESS

CHARACTERIZE AND
MODEL EMFROFAGATION;
EARTHTO SFACE,

AND EARTHTO EARTH, TO
FREDICT CHANGES [N
FROFPAGATION BASED
UPOMN THE STATE OF
THE IONSFHERE. WALIDATE
EASED OM OB SERWED DAT A,
“ERIFY ROBUSTHESS

8/22/00

2-12



Resolution of Spacecraft Anomalies Vi‘b

NEEDED SPACE RESEARCH

HATIOHAL CONCERHNS: WEATHER CAPABILITY: OBSERVATIONS: RESEARCH APPROACH:
ELECTRONIC AHOMALIES ARCHIVED DATA THAT OESERVE PROTON CHARACTERIZE AND
-CA&DH CHARACTERIZES THE FLUX MODEL THE EARTH'S
- COMMUNICAT IONS STATE[DATA, SPACE SIMULTAMEQUSLY IN ) MAGHETOSPHERE AND
- S0LAR ARRAY WEATHER CLIMATOLOG Y CORE S WITH RADIAT ION BELTS

AND MODEL OUTPUTS) EMERGY & TIME SUFFICIENTLY WELL TO

RESOLUTION FREDICT HARMFUL

COMTROL ANOMALIES
- COMMAMDING
- TELEMETRY

ODAMAGETO FAILURE
- NAVIGATION SENSORS
- OPTICAL SENSORS

GopbbarRD SpaceE FLiecHT CENTER

OF THE SFACE EMWIROM-
MEMT SUFFICENTLY TO
SUPFORT AMOMALY
RESOLUTION

DBSERWE ELECTRON
FLUX
SIMULTAMEOUSLY IM
OREITS WITH
EMERGY & TIME

RESOLUTION
—

OBSERYE IOM FLUX
SIMULTANEQUSLY

EMERGY & TIME

RESOLUTION
—

OBSERYE DEERIS FLUX
SIMULTANEOUSLY
IN OREITS

OBSERYE STATE OF
THE MAGHETOSPHERE

PARTICLE FLUXES AT THE
S0 WALIDATE AGAINST
OBSERYED DATA.
YERIFY ROEBUSTHESS

IN OREITS WITH —f=

ODEVELOF STATISTICAL
MODELS AND METHODS
THAT PROVIDE FROE-
AEBILITY OF EXTREME
EXFOSURE AT S/C
LOCATIOM OWER TIME

DETERMINE SFALCE
WEATHER CONDITIOME
PMOST LIKELY TO
CAUSE ANOMALIES
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Effects on Terrestrial Climate and Weather vib

NEEDED SPACE RESEARCH
NATIONAL CONCERNS: WEATHER CAPABILITY: OBSERVATIONS: RESEARCH APPROACH:

GLOBAL CLIMATE HOW DO CHANGES IN THE OBSERVE SOLAR
CHANGE SOLAR INSOLATION AFFECT IRRADIANCE IN THE
TERRESTRIAL CLIMATE AND EUV, UV, SOFT X-RAYS

WEATHER? (BROAD PUBLIC OVER TIME (YEARS)
POLICY RAMIFICATIONS)

CHARACTERIZE AND
MODEL SOLAR VARIABILITY

CHARACTERIZE AND
MODEL ANCIENT
SOLAR VARIABILITY

INDIRECT MEASURE-
MENTS OF ANCIENT
SOLAR INSOLATION
VARIATIONS USING
OXYGEN RATIO
MEASUREMENTS IN
OCEAN SEDIMENTS,
ICE CORES, AND
OTHER TECHNIQUES

MONITOR VARIATION IN
SOLAR INSOLATION WITH
TIME (CENTURIES, MILLENNIA)

LONG-TERM
CLIMATOLOGY OF
SOLAR VARIABILITY

OBSERVE OTHER
STARS OF THE SAME
TYPE AND CLASS
AS THE SUN

GopbbarRD SpaceE FLiecHT CENTER
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Effects Due to Induced Currents on
Ground (Terrestrial) Based Systems

NATIONAL CONCERNS:

NEEDED SPACE
WEATHER CAPABILITY:

FOWER LINE
TRAMNSIENTS

FIFELINE CONTROL
ELECTRONICS

COMMUNICATIONS
LINE TRAMNSIENTS

FREDICTION
OF ONSET OF
SIGHIFICANT
GEOMAGHETIC
ACTIVITY

RESEARCH
OBSERVATIONS:

OBSERWE STATE OF
THE MAGHETOSPHERE

MEASURE CHANGES
IN THE SOLAR WIND
"UPSTREAM" FROM
EARTH

OBSERYE THE SOLAR
CORONA AND THE
SOLAR wWIND., DETECT
CMEs, FLARES,
AND ASSOCIATED
FHENOMENA

FY
]

£

Ve

RESEARCH APPROACH:

CHARACTERIZE AMND
MODEL THE
MAGHETOSPHERE
AND ITS RESFONSETO
S0LAR DISTUREBAMCE.
WALIDATE AGAINST
OBSERYATIOM. YERIFY
ROEUSTHESS

ODEVELOP WAYSTO
FREDICT WHEHN CORDONAL
DISTUREANCES WILL
IMFIMGE OM THE EARTH
TOFERTURE THE
MAGHETOSPHERE
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GCR Induced Neutrons Ve

NEEDED SPACE RESEARCH
NATIONAL CONCERNS: WEATHER CAPABILITY: OB SERVATIONS: RESEARCH APPROACH:

UPSET AND LATCHUP
OF NEW MICROCHIF
OESIGHS

SFECIFICATION OF THE
MAaXIMUM PROBABLE
GCRINODUCED MEUT ROM
FLUX AT THE EARTH'S
SURFACE

CHARACTERIZE AMD
FMODEL DISTRIBUTION
OF GCR IMOUCED
NEUTROM S OVER
THE EARTH'S SURFACE

OBSERVE GCR
INDUCED HEUTROM
FLUX AT THE
EARTH'S SURFACE

EIOELECTROMNICE
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